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A Dynamic View on the Diameter of Abdominal Aortic Aneurysms 
1". L&nne*, T. Sandgren 1 and B. Sonesson 
Departments of Vascular and Renal Diseases, and 1Surgery, MalmO University Hospital, Maim& Sweden 
Objectives: To study 40-55 mm aneurysms and calculate their size in relation to the individual predicted normal aortic 
diameter to see if this might add anything in the evaluation of treatment. 
Material and methods: The anteroposterior diameter of 40-55 ,mm AAAs was measured with an echo-tracking ultrasonic 
technique in 147 consecutive patients. The weight and height were registered and body surface area calculated. The 
predicted normal aortic diameters were defined according to nomograms and the diameter increase from the predicted 
normal aortic size in the individual aneurysms calculated. 
Results: The median AAA diameter was 48 mm (range 40-55), the BSA 1.85 m 2 (1.42-2.37), and the predicted AO size 
19.4 mm (14.3-21.6). The calculated increase of size in the individual aneurysms was 2.51 (1.9-3.53), that is the spread 
of data doubled as compared to conventional diameter measurements. When females and males were studied separately 
the AAA diameter was 46.5 mm (40-55) and 48 mm (40-55), respectively (NS). Since the BSA was significantly lower 
in women than in men, 1.63 (1.42-1.95) and 1.89 (1.47-2.37), respectively (p<O.O001), also the predicted normal aortic 
size was lower, 16.4 (14.3-17.8) vs. 19.7 (18.0-21.6) (p<O.O001). Thus, the AAA diameter increase from the predicted 
size was larger in women than in men; 2.93 (2.25-3.53) vs. 2.46 (1.90-2.94), respectively (p<O.O001). 
Conclusion: To define an aneurysm as a localised dilatation of an artery exceeding 50% of the expected normal diameter 
is now possible. This may facilitate how to treat especially smaller aneurysms and give new information concerning 
patterns of growth and risk of rupture. 
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Introduction 
The incidence of abdominal aortic aneurysms is in- 
creasing and the fate of an individual aneurysm is 
unclear. However, the risk of growth and rupture is 
related to increasing size and most surgeons are in 
favour of treating aneurysms above 50-55 mm sur- 
gically. Smaller aneurysms are usually treated con- 
servatively with follow-up by ultrasonography. Since 
rupture may occur even in asymptomatic and rel- 
atively small aneurysms, early detection and val- 
idation are considered to be indispensable for further 
improvement in the management of the disease. How- 
ever, several definitions of abdominal aortic aneurysms 
are used at present, which produce very different 
results in evaluating the incidence and prevalence of 
the disease. 1 One of the basic problems encountered 
is defining the normal diameter of the abdominal 
aorta, which makes it impossible to follow the advice of 
the Society for Vascular Surgery and the International 
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Society for Cardiovascular Surgery (SVS/ISCVS), 
which defines an aneurysm as a 50% dilatation of a 
normal artery. 2 Recently, studies on the diameter of 
the abdominal aorta have shown an increasing dia- 
meter with age 3'4 and the possibility now exists to 
define the extent of pathological dilatation using nom- 
ograms for the normal diameter on the infrarenal 
aorta. BThe aim of this study was to evaluate AAAs 
between 40-55 ram, where there is no consensus in 
favour of surgical treatment, and to see whether this 
new way of defining the aneurysm size might aid in 
the decision making. 
Material and Methods 
The study was performed on 147 consecutive patients, 
(49-92 years old) with 40-55mm abdominal aortic 
aneurysms (113 males and 34 females). All in- 
vestigations were done with the subject in the supine 
position. The maximal anteroposterior diameter was 
registered with an echo-tracking ultrasonic equipment 
(Diamove, Teltec AB, Lund, Sweden) with the use of 
1078-5884/98/040308 + 5 $12.00/0 © 1998 W.B. Saunders Company Ltd. 
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Fig. 1. Differences in spread of data (ranges) when calculations of
the aneurysm size are based on the diameter ( am) or the number of 
times by which the actual aneurysm diameter exceeds the predicted 
normal aortic diameter. 
a 3.5 MHz B mode real-time linear array scanner. The 
technique has earlier been described in detail. 5 In short, 
two electronic markers, each representing one tracking 
gate, are automatically aligned with and locked to the 
B mode echo image of the inner surface of the anterior 
and posterior arterial wall. The echo-tracker measures 
the distance between the walls of the vessel. The 
diameter was calculated as: 
diastolic diameter +systolic diameter 
All diameter egistrations were carried out by one 
or two experienced technicians. The variability of 
measurements are 3%. 6 The aortic aneurysm was visu- 
alised longitudinally in a real-time picture and the 
max imum diameter perpendicular to the longitudinal 
axis defined. The echoes from the walls were optimised 
and after locking the echo-tracker to the inner surface 
of the aneurysm walls the diameter was calculated as 
the mean of three consecutive registrations. The height 
and body weight were measured in each patient and 
body surface area calculated according to du Bois' 
formula (body surface area, cm2=weight  °425 kg x 
height °72~, cmx 71.84). The abdominal aortic size is 
dependent on age, body surface area and sex. By using 
these variables the normal aortic diameter could be 
calculated according to the nomograms of Sonesson 
et al. (1994). 3The number  of times by which the actual 
aneurysm diameter exceeds the predicted normal aor- 
tic diameter was defined. Median (range) values are 
given, and differences between groups were assessed 
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Fig. 2a. The aneurysm diameter (mm) in males (m) and females (f). 
Fig. 2b. The aneurysm size calculated as the number of times by which the actual aneurysm diameter exceeds the predicted normal aortic 
diameter. Note the larger size in females. 
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Table 1. Size evaluation of abdominal aortic aneurysms. 
Sex n Age AAA BSA Predicted Predicted 
(years) diameter ( am) (m 2) AO diameter 3 AAA size 
Males and females 147 72 48 1.85 19.4 2.51 
49-92 40-55 1.42-2.37 14.3-21.6 1.90-3.53 
Males 113 72 48 1.89 19.7 2.46 
53-92 40-55 1.47-2.37 18-21.6 1.90-2.94 
Females 34 74 46.5 1.63 16.4 2.93 
49-85 40-55 1.42-1.95 14.3-17.8 2.25-3.53 
Significance males/females NS NS p<0.0001 p<0.0001 p<0.0001 
Patients with abdominal ortic aneurysms, 40-55 mm (median)/range. 
using the Mann-Whitney U-Test at the level of sig- 
nificance p<0.05. 
Results 
The AAA diameter was 48 mm (40-55). The BSA was 
1.85 m 2 (1 .42-2.37)  and the predicted AO size 19.4 mm 
(14.3-21.6). The calculated increase of size from the 
predicted AO diameter in the individual aneurysms 
was 2.51 (1.9-3.53), that is the spread of data doubled 
as compared to conventional diameter measurements. 
When females and males were studied separately the 
AAA diameter was 46.5 and 48 mm, respectively (NS). 
Since the BSA was significantly lower in women than in 
men, 1.63 (1.42-1.95) and 1.89 (1.47-2.37), respectively 
(p<0.0001), also the predicted normal aortic size was 
lower, 16.4 (14.3-17.8) vs. 19.7 (18-21.6) (p<0.0001). 
Thus, the AAA diameter increase from the predicted 
size was larger in women than in men; 2.93 (range 
2.25-3.53) vs. 2.46 (range 1.90-2.94), respectively 
(p<0.0001) (Table 1). 
Figure 1 shows the aneurysm diameter normalised 
to 100% and the differences in spread of data (ranges) 
when calculations were based either on the diameter 
in mm or the number of times by which the actual 
aneurysm diameter exceeded the predicted normal 
aortic diameter. It is seen that the spread of data 
increases from 30 to 65%, i.e. by a factor of 2 using 
the latter definition. Figure 2a shows the aneurysm 
diameter in mm in the males and females respectively. 
No differences are seen. In Fig. 2b the aneurysm size 
is calculated as the number of times by which the 
actual aneurysm diameter exceeds the predicted nor- 
mal aortic diameter. Note the significantly larger size 
in females as compared to males (p<0.0001). 
Discussion 
This study shows clear differences in the size of ab- 
dominal aortic aneurysms (AAA) when evaluated in 
mm as compared to the increase in size from the 
predicted value of the normal aorta in each individual. 
The latter method may be preferred from a patho- 
physiological point of view and might add information 
concerning the growth and rupture patterns of AAAs. 
The prevalence of AAA has shown an increasing 
trend within the last decades. This does not seem to 
be related to more reliable diagnostic methods alone. 7'8 
Recent screening studies indicate a prevalence of AAA 
in men over 65 years of about 5%. 9'1° Further, there is 
a genetic influence with about one-quarter to one-third 
of the male near relatives to patients with AAA, also 
having AAA. 1~'12 Several studies have shown that an- 
eurysms with a diameter >55-60 mm tend to increase 
in diameter and the number of ruptures also increase in 
an exponential fashion. This varies, of course, between 
individual aneurysms ~3and is why vascular surgeons 
recommend surgical treatment in AAAs >55-60 mm. 
In the same manner, AAAs less than 40 mm are treated 
conservatively. However, between 40 and 55 mm there 
is no consensus in favour of surgical treatment or 
not. Two large prospective randomised studies are 
addressing this issue at the moment and will hopefully 
show the preferable treatment. ~4However, several 
definitions of AAA are currently used. The Society 
for Vascular Surgery and the International Society of 
Cardiovascular Surgery (SVS/ISCVS) define an an- 
eurysm as a 50% dilatation of the normal artery 
adjusted for gender and radiological modality. 2 Ster- 
petti et al. 1~ suggest a ratio of infrarenal to suprarenal 
diameters of > 1.5. Collin ~6 defines an abdominal aortic 
aneurysm as a maximal infrarenal diameter of 40 mm 
or more, or exceeding the maximal diameter of the 
aorta between the origin of the superior, mesenteric 
and left renal arteries by at least 5 mm. When com- 
paring these definitions on population data concerning 
frequency and prevalence, large differences are seen. 
Therefore, until a clear uniform definition is used, the 
true epidemiology of aortic aneurysms will not be 
elucidated. 
The SVS/ISCVS definition seems the most reason- 
able from a pathophysiological point of view. How- 
ever, until recently there has been no knowledge 
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concerning the normal infrarenal aortic size. 1 In 1994 
Sonesson et al. 3 published a paper that defined the 
normal aortic diameter in relation to sex, age and 
body surface area with nomograms to be used in the 
prediction of an individual aortic size. For example, 
if the maximum diameter of an abdominal aortic an- 
eurysm is 40 mm in a 75-year-old male with a BSA 
of 2.3 m 2, the expected aortic diameter obtained is 
21.9 mm. 3 By dividing 40 mm by 21.9 it is shown that 
the aneurysm in this patient has increased 1.83 times 
the expected iameter at this age and body size. On 
the other hand, if an abdominal aortic aneurysm of 
40 mm is encountered in a 50-year-old female with a 
BSA of 1.4 m 2, the normal aortic diameter in this patient 
is defined to be 13.9 mm 3 and the aneurysm of this 
patient has enlarged by 2.88 times. Thus, a discrepancy 
of almost 100% in enlargement is seen. Stringfellow et 
a]. 17 used finite element analyses to determine the 
wall stress distribution in AAA. They found that an 
aneurysm of similar size arising from a small aorta 
had much greater wall stress than had an aneurysm 
arising from a larger aorta. Further, from a biological 
point of view it seems reasonable to assume that a 
40 mm large aneurysm that has expanded 2.9 times 
from the original size has a more diseased arterial wall 
than the 40 mm large aneurysm that has expanded 
only 1.9 times. Similar reasoning was used by Ouriel 
et al. I8, who standardised the aneurysm diameter to 
the transverse diameter of the third lumbar vertebrae 
body as an index of body size. They found this to be 
a predictor of rupture when the threshold ratio of 1.0 
was used. The study by Limet et aI. 19 shows that the 
risk of rupture is closely related to a relative change 
in size of an aneurysm ore than the change in mm. 
However, they related the diameter change to the 
initial aneurysm size at diagnosis and not the predicted 
normal aortic size. It is possible that their figures 
would improve, if this had been performed. 
Another point of concern is the sex-specific fre- 
quency of AAA. Several studies have shown a 2-4 
times higher AAA frequency in men than in women 
and that aneurysms start to appear later in women. 
However, these data are based on a standard iameter 
definition without any differences between sexes taken 
into account. With the differences in normal aortic 
diameter between males and females born in mind, 
this might indicate an underestimation f the number 
of aneurysms in women. Further, this might also be 
the case in the gender-specific inheritance patterns 
with male near relatives more prone to aneurysm 
formation than corresponding females. 11'2° To our 
knowledge no study so far has addressed the prognosis 
of small aortic aneurysms in relation to sex. However, 
several large studies, such as The UK Small Aneurysm 
Trial, The Veteran Aneurysm Detection and Man- 
agement Study and The Canadian Small Aneurysm 
Treatment Trial, may elucidate this factor. 21 The evalu- 
ation of our AAAs showed that women had sig- 
nificantly larger AAAs than males, when the size of 
the aneurysm was related to the predicted normal 
aortic diameter in the individual patients (Fig. 1). 
Whether this fact may be of clinical importance cannot 
be elucidated by this study, since the number of AAAs 
were relatively small and therefore no outcome was 
studied. However, Katz et al. (1997) 22 showed, in a 
study on 41 358 patients with AAA, that women were 
less likely to undergo aortic reconstruction a d when 
they did were less likely than men to survive to 
discharge. 22The reliance on AAA diameter as the 
primary indication for surgery might have resulted in 
referral for surgery at a later stage of disease among 
women. This indicates a need for individualisation in 
the evaluation of an aneurysmal size. 
In summary, no consensus so far has been reached 
concerning diagnostic riteria for AAA. A reasonable 
point of view is to define an aneurysm as a permanent, 
localised ilatation of an artery exceeding 50% of the 
expected normal diameter, this now being possible 
due to knowledge of the normal aortic size. This may 
facilitate the question of how to treat aneurysm of 
smaller size (i.e. 40-55 mm) that in fact may be large 
in relation to the individual's normal predicted aortic 
diameter. 
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